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(54) ILLUMINATION DEVICE AND MICROSCOPE SYSTEM PROVIDED THEREWITH 

(57)Abstract: 

PROBLEM TO BE SOLVED: To eliminate an extreme difference in light 
quantity and an extreme deviation of an optical axis when a bright visual 
field illumination unit and a dark visual field illumination unit are. used by 
switching between them. 

SOLUTION: This illumination device of a microscope is constituted so 
that bright visual field illumination unit and the dark visual field 
illumination unit are used by being switched. Then, when the 
transmissivity of a reflection film formed at the parallel flat plate of the 
bright visual field illumination unit is defined as T1 and that of a 
reflection film formed at the parallel flat plate of the dark visual field 
illumination unit is defined as T2, the condition of 0.8<T1/T2≤1 is 
satisfied. Besides, an optical element correcting the deviation of the 
optical axis is arranged at the dark visual field illumination unit. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has b en translated by computer. So the translation may not reflect th original precisely: 

2. **** shows th word which can not be translated. 
3.ln the drawings, any words are not translated. 

CLAIMS 



[Claim 1] The lighting system carry out having the change mechanism which inserts [ unit / the aforementioned 1st 
lighting unit and the aforementioned 2nd lighting unit / the 2nd lighting unit equipped with the 2nd plane-parallel plat 
with which the reflective field which has a reflection factor high than the 1st lighting unit equipped with the 1st 
plane-parallel plate with which the reflective field which has predetermined permeability was formed, arid abbreviation 
ellipse-like a transparency field and this transparency field was formed, and ] in an optical path, and filling the following 
conditions as the feature. . . . 

0.8 < T1/T2 <= 1 — here, the average permeability of the visible wavelength region of a reflective field L in / the 1st 
piane-parallel plate of the above / in T1 ] and T2 are the average permeability of the visible wavelength region of th 
transparency field in the 2nd plane-parallel plate of the above 

[Claim 2] The lighting system according to claim 1 by which it is preparing-in aforementioned 2nd lighting unit-optical 
member which produces the optical-axis gap of amount of optical-axis gaps and almost same amount produced with 1st 
plane-parallel plate of the above characterized. . 
[Claim 3] The microscope system carry out having had the change mechanism which inserts [ unit / the aforementioned 
1st lighting unit and the aforementioned 2nd lighting unit / the 2nd lighting unit equipped with the 2nd plane-parallel plate 
with which the reflective field which has a reflection factor higher than the 1st lighting unit characterized by to provid 
the following, and abbreviation ellipse-like a transparency field and this transparency field was formed, and ] in an optical 
path, and having had the lighting system which fulfills the following conditions as the feature Light source Lighting optical 
system which leads the light from this light source to a sample The objective lens which irradiates the light from this 
lighting optical system at a sample The 1st plane-parallel plate with which the reflective field which has active focal 
detection equipment which performs focal detection, and has predetermined permeability by the photo detector which 
receives the light reflected from the sample was formed m * 

08 < T1/T2 <= 1 — here, the average permeability of the visible wavelength region of a reflective field L in / the 1st 
piane-parallel plate of the above / in T1 ] and T2 are the average permeability of the visible wavelength region of th 
transparency field in the 2nd plane-parallel plate of the above ■ , 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

toooi] 

[The technical field to which invention belongs] this invention relates to the lighting system which performs especially 
vertical illumination about a lighting system. Moreover, it is related with the microscope system using this lighting system. 

[0002] 

[Description of the Prior Art] When observing LSI, a semiconductor wafer or a surface of metal, etc. conventionally, th 
microscope incorporating the coaxial overhead lighting system, i.e., an epHllumination microscope, is used. There are 
some which can choose now the various observation methods, such as not only incident light light field observation but 
incident light dark field observation, incident light polarization observation, incident light differential interference 
observation, incident light fluorescence observation, etc., in an epHllumination microscope. The switch of light field 
observation and dark field observation of almost all the epHllumination microscope sold now is attained. Specifically, a 
light field lighting unit and a dark-field-illumination unit are arranged inside epHllumination equipment, and lighting <th 
observation method) is switched by switching these units. Drawing 8 is what showed the general light field lighting unit 
38, and in order to deflect the lighting light from the light source in the direction of an optical axis of an objective lens, 
the plane-parallel plate 13 is attached in the attachment component 15 at the angle of 45 degrees to the optical axis of 
an objective lens. This plane-parallel plate 13 makes the light which reflected by the sample on it while having been what 
permeability (or reflection factor) gave 50% of one-way mirror coat 39, turning the lighting light from the light source to 
the objective lens and reflecting in the front face of a transparent glass plate, and passed the objective lens again 
penetrate. Moreover, drawing 9 is what showed the general da rk-fi eld-illumination unit 40, and in order to deflect th 
lighting light from the light source in the direction of an optical axis of an objective lens, the plane-parallel plate 21 is 
attached in the attachment component 15 at the angle of 45 degrees to the optical axis of an objective lens. The core f 
a glass plate is clipped in the shape of an abbreviation ellipse, the plane-parallel plate 21 has become in midair, and 90% 
or more of mirror coat 22 is given to the front face of the portion which remained for the reflection factor. Therefor , it 
will be reflected only in respect of [ 22 ] a mirror coat, and the zona-orbicularis-like flux of light will carry out incidenc 
of the lighting light from the light source to an objective lens. The light reflected by the sample passes a part for a 
centrum 41 (portion of the shape of a clipped abbreviation ellipse) after passing an objective lens. In addition, 23 is a 
gobo, it has the size of the grade which interrupts near the core of lighting light, and when this is arranged on the optical 
axis, lighting light serves as the zona-orbicularis-like flux of light here. Thus, since the exclusive unit of the light field 
lighting unit 38 and the dark-field-illumination unit 40 is prepared, respectively and it inserts [ unit ] in an optical path, it 
has come the change of an observational method is not only to attain easily, but to be able to perform lighting with the 
sufficient efficiency suitable for each observational method under the conventional epHllumination microscope. 
Furthermore, it can also switch to the observation methods other than light field observation or dark field observation by 
preparing the lighting unit only for other polarization observation or differential interference observation, and the lighting 
unit only for fluorescence observation. 

[0003] By the way. in order to observe the scattered light and the diffracted light by the blemish and dust of a sample in 
dark field observation, the luminosity of the image observed as compared with light field observation is extremely small. 
Therefore, in order to obtain the luminosity of a suitable image by dark field observation, it will be necessary to use what 
has brightness high as the light source. When the light source is a halogen lamp, brightness can be raised by raising the 
voltage supplied to a lamp. Or if a mercury arc lamp, a xenon arc lamp, and a metal halide arc lamp are used, it is 
possible to obtain brightness still higher than a halogen lamp. 

[0004] However, since optical intensity is too strong as a lighting light for light field observation when the light source 
with high brightness is used so that observation of a suitable luminosity can be performed in dark field observation, th 
trouble of it being dazzling and causing trouble to observation of a sample arises. About such a trouble, solution has be n 
conventionally tried by the following meanses. 

(A) Carry out adjustable [ of the voltage which it is at the light field observation and dark field observation time, and is 
supplied to the light source ]. That is, voltage is lowered at the time of light field observation, and the quantity of light of 
lighting light is adjusted by raising voltage at the time of dark field observation. 

(B) Ins rt the ND filter which switches with the light source and restricts the amount of transmitted lights of a part of 
flux of lights between units. This ND filter restricts only the lighting flux of light used for light field observation, and has 
become the configuration which does not affect the lighting flux of light used for dark field observation. Thereby, only the 
lighting light of light field observation can be dimmed. 

<C) Attach an ND filter in the light source side inside a light field observation unit. Only the lighting light of light field 
observation can be dimmed by this. 

[ProbLm(s) to be Solved by the Invention] However, there are the following troubles with the means of thes (A) - (C). 
That is, in (A), since the time and effort to which it carries out adjustabl [ of the voltage ] one by one arises, there is a 
problem that workability falls. Although the time and effort t which voltag is changed by electric-izati n can also be 
abolished, the microscope itself will be complicated and it will become a cost rise. Theref re, electric-izing under a cheap 

Moreover, in (B) and (C), new parts called an ND filter become a light field lighting unit with eye a requir d hatch t and 
its part cost ris . 

[0006] Furthermore, the opportunity of the latest epHllumination microscop to use combining active focal detection 
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equipment is increasing, and although the problem that the intensity of a focal detecting signal differs sharply has arisen 
in the switch of a light field lighting unit and a dark-field-illumination unit, since the lighting optical path for focal 
detection is different from th lighting optical path of a microscope, this problem is not solved by the method f these 

[0007] Moreover, when using active focal detection equipment, an above-mentioned trouble has independently th 
trouble which is listed to a degr e in a switch of a light field observation unit and a dark field observation unit. 
[0008] The situation of th flux of light which passes each lighting unit is compared in the light field observation unit 38 
of drawing 8 , and the dark field observation unit 40 of drawing 9 . In the light field observation unit 38, since a 
plane-parallel plate 13 is in the portion which the reflected light from a sample passes, an optical axis will shift slightly in 
the back before passing a unit. On the other hand, in the dark field observation unit 40, since the portion which the 
reflected light from a sample passes has become in midair, a gap is not produced in ah optical axis in the back before 
passing a unit. For example, in the light field observation unit 38 of drawing 8 . if white-board glass (n= 1.52) with a 
thickness of 1mm is arranged at 45 degrees, the amount of gaps of about 0.33mm optical axis will occur. On the oth r 
hand, a gap of such an optical axis is not generated in the dark field observation unit 40 of drawing 9 . 
[0009] Conversely, when irradiating the light for focal detection toward a sample, in drawing 8 and drawing 9 , the light 
for focal detection progresses to down from above [ of drawing ], and carries out incidence to an objective lens. Drawing 

10 is with the case where the case where the light field observation unit 38 is inserted into an optical path, and the 
dark-field-illumination unit 40 are inserted, and it is shown what the incidence position of the light for focal detection 
which carries out incidence to an objective lens becomes. In addition, when the light field observation unit 38 was 
inserted into the optical path, active focal detection equipment and the installation position of a microscope should be 
decided by drawing 10 so that the light for focal detection might pass through the middle of the pupil 43 of the low 
scale-factor objective lens 42, and the pupil 47 of the high scale-Factor objective lens 46. The arrow 44 shows the 
situation. 

[0010] In such an installation state, the light field observation unit 38 is taken out from an optical path, and suppose that 
the dark field observation unit 40 was inserted into the optical path., in this case, since a gap of an optical axis is not 
produced in the dark-field-illumination unit 40, the light for focal detection will boil and carry out incidence of the 
position [ middle / of the pupils 43 and 47 of objective lenses 42 and 46 ] shifted, as an arrow 45 shows 
[001 1] Thus, when a gap arises in the position of the light which carries out incidence to the pupil of an objective lens, 
the light for focal detection which reflects by the sample and returns to a photo detector is KERARE ******** within an 
optical path until it returns to a photo detector. If KERARE occurs in the light for focal detection, the quantity of light of 
the light which carries out incidence to a photo detector will decrease. There is little influence which it has on focal 
detection with the low scale-factor objective lens 42 in addition since the diameter of a pupil is large and the amounts f 
KERARE by the objective lens though the incidence position of the light for focal detection shifts somewhat to a pupil 43 
are [ for which the problem that this leads to the fall of the signal strength for focal detection, and the precision of focal 
detection deteriorates is produced ] few like drawing 10 (a). However, like drawing 10 (b), with the high scale-factor 
objective lens 46, since the diameter of a pupil 47 is small, even when gaps of an incidence position are few, the influence 
which it becomes impossible to disregard the amount of KERARE and gives it to the precision of focal detection 
becomes large, this invention was made in view of the above-mentioned problem, and in case the purpose changes and 
uses the lighting unit, for example, the light field lighting unit, and dark-fie Id-illumination unit of a different kind, it is, losing 
generating of an extreme quantity of light difference, and generating of an optical-axis gap. 
[0012] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the lighting system of this invention 
Th 1st lighting unit equipped with the 1st plane-parallel plate with which the reflective field which has predetermih d 
permeability was formed, It has the change mechanism which inserts [ unit / the aforementioned 1st lighting unit and th 
aforementioned 2nd lighting unit / the 2nd lighting unit equipped with the 2nd plane-parallel plate with which the 
reflective field which has a reflection factor higher than abbreviation ellipse-like a transparency field and this 
transparency field was formed, and ] in an optical path, and is characterized by fulfilling the following conditions. 
[0013] 0.8 < T1/T2 <= 1 — here, the average permeability of the visible wavelength region of a reflective field [ in / the 
1st plane-parallel plate of the above / in T1 ] and T2 are the average permeability of the visible wavelength region of th 
transparency field in the 2nd plane-parallel plate of the above Moreover, the lighting system of this invention is taken as 
the preparing-in aforementioned 2nd lighting unit-optical member which produces the optical-axis gap of amount of 
optical-axis gaps and almost same amount produced with 1st plane-parallel pjate of the above feature. Moreover, th 
lighting optical system with which the microscope system of this invention leads the light from the light source and this 
light source to a sample, It has active focal detection equipment which performs focal detection by the objective lens 
which irradiates the light from this lighting optical system at a sample, and the photo detector which receives the light 
which reflected from the sample. The 1st lighting unit equipped with the 1st plane-parallel plate with which the reflective 
field which has predetermined permeability was formed, The 2nd lighting unit equipped with the 2nd plane-parallel plat 
with which the reflective field which has a reflection factor higher than abbreviation ellipse-like a transparency field and 
this transparency field was formed, It is characterized by having had the change mechanism which inserts [ unit / 2nd 
lighting / aforementioned / the aforementioned 1st lighting unit and ] in an optical path, and having the lighting system 
which fulfills the following conditions. *■-..■■/• 
[0014] 0.8 < T1/T2 <= 1 — here, the average permeability of the visible wavelength region of a reflective field L in / the 
1st plane-parallel plate of the above / in T1 ] and T2 are the average permeability of the visible wavelength region of th 
transparency field in the 2nd plane-parallel plate of the above 
[0015] 

[Embodiments of the Invention] The form of operation of this invention is shown in drawing 1 . Drawing 1 ts the 
microscope equipped with the lighting system of the form of this operation, and the epHllumination microscope 1 is 
equipped with the light source (light equipment) 2, th lighting system 3, the objective lens 7, and the stage 9. Although 
observation of a sampl is usually performed through an ocular, with the form of this operation, the image pck-up unit 10 
which picturizes the image of a sample 8 is arranged at the upper part of the main part of a microscope. Th TV monitor 

11 is connected to the image pck-up unit 10, and it observes by displaying the image of the sampl 8 picturized in th 
.jmnMa.rt/. k='j "-up.it-— 1 n_or;_thg- TV monitor ,1 1,,,., 

[001*6] *The lighting system 3 equips the interior with the lighting optical system 4 which projects th light from th light 
sourc 2, and the lighting light which passed the lighting optical system 4 is led to the lighting unit 5. Incidence of the 
lighting light reflected in the lighting unit 5 is carried out to an objectiv lens 7, and it illuminates a sample 8. As a lighting 
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unit 5, there are a light field lighting unit and a dark-field-illumination unit, and insertion and detachment into an optical 
path are performed by the move mechanism 6. 

[0017] The light field lighting unit 12 used by the lighting system of th form of this operati n is shown in drawing 2 . Th 
composition of the light field lighting unit 12 is the same as that of the conventional light field lighting unit 38 shown in 
drawing 8 almost, and in order to deflect the lighting light from the light source in the direction of an optical axis of an 
objective lens 16, th plane-parallel plate 13 is attached in the attachment component 15 with the inclination of 45 
degrees to the optical axis of an objective lens a predetermined angle and here. The reflective film 14 with which the 
reflective field was formed in the front face of transparent substrates, such as a glass plate, and a plane-parallel plate 13 
has predetermined permeability in a reflective field is formed. Incidence of the lighting light reflected by th reflectiv film 
1 4 is carried out to an objective lens 16. 

[0018] An objective lens 16 is a brightness-vision field combination objective lens, and it has the pbject optical system 
17 which is made to let the reflected light from a sample 19 pass, and forms the image of a sample 19 while passing 
lighting light at the time of light field observation. Although the lighting optical path 18 for dark field illumination is formed 
in the circumference of the object optical system 17 in the shape of a concentric circle, in light field lighting, the light 
field lighting unit 12 or the lighting optical system 4 restricts the size of the flux of light of lighting light so that lighting 
light may pass only the object optical system 17. 

[001 9] The difference between the light field lighting unit 1 2 of the form of this operation here and the light field lighting 
unit 38 of drawing 8 is that the spectral transmittance of the reflective film 14 of a plane-parallel plate 13 and the 
reflective film 39 differs. 

[0020] Drawing 3 is what showed the spectral transmittance property of the light field lighting unit used by the lighting 
system of this invention, and the conventional light field lighting unit, a horizontal axis is wavelength and a vertical axis is 
permeability. In drawing 3 , a solid line shows the spectral transmittance property of the reflective film 14 of the light 
field lighting unit 12 used by the lighting system of the form of this operation, and the dotted line shows the reflective 
film 39 spectral-transmittance property of the conventional light field lighting unit 38. The reflective film 14 in the form of 
this operation has the feature in the point that average permeability is about 80% in a visible wavelength region so that 
drawing 3 may show. With the form of this operation, the reflective film 14 with such a spectral transmittance property is 
uniformly given on the surface of [ whole ] the glass plate, and serves as a plane-parallel plate 13. In addition, the 
reflective film 14 should just be given to the range of a glass plate in which lighting light is reflected at least. Moreov r, it 
will be satisfactory if the difference is few even if it is a value lower than 80% on a part of wavelength, although the 
averag permeability of a visible wavelength region points out the state of having 80% or more of permeability throughout 
a visibl wavelength region, in 80%. 

[0021] In light field observation, the light field lighting unit 12 which has the spectral transmittance property shown as the 
solid line of drawing 3 is inserted into the optical path. As mentioned above, the lighting light which came out of the light 
source 2 shown in drawing 1 is deflected toward an objective lens 16 by the reflective film 14 of the light field lighting 
unit 12, and a sample 19 is illuminated with an objective lens 16. After the light reflected by the sample 19 passes an 
objective lens 16 again, the reflective film 14 and a plane-parallel plate 13' are penetrated shortly, arid the image pck-up 
unit 10 (for example, TV camera) shown in drawing 1 is reached. Therefore, the lighting light at the time of light field , 
observation will penetrate the reflective film 14 once, after being reflected. once by the reflective film 14. 
[0022] It is made to restrict the quantity of light which carries out incidence of the spectral transmittance in the visible 
wavelength region of the reflective film 14 of the light field lighting unit 12 to the image pck-up unit 10 at the time of light 
field observation compared with 50% - about 70 conventional with a larger value, for example, set up to less than 100% 
80% or more, with the form of this operation. 

[0023] Then, the quantity of light of the lighting light immediately after injecting the light source 2 is set to 1, and it 
assumes that it is a thing without the quantity of light loss by the optical system and the sample 19 which have been 
arranged from the light source 2 before the image pck-up unit 10, and it is as follows when the quantity of light which 
reaches to the image pck-up unit 10 is calculated. 

[0024] For example, since it is set to reflection factor =0.2 and permeability =0.8 when the average of the spectral 
transmittance in the visible wavelength region of the reflective film 14 is 80%, the quantity of light which carries out 
incidence to the image pck-up unit 10 is set to 0.2x0.8=0.16 (16%) at the time of light source injection. Moreover, sine it 
is set to reflection factor =0.05 and permeability =0.95 when the average of spectral transmittance is 95%, the quantity f 
light which carries out incidence to the image pck-up unit 10 is set to 0.05x0.95=0.0475 (4.75%) at the time of light 
source injection. On the other hand, in dark field observation, the dark-field-illumination unit 20 shown in drawing 4 of 
the same composition as drawing 9 is inserted into an optical path. As for the dark-field-illumination unit 20, the 
plane-parallel plate 21 is formed. The mirror coat 22 was given to the glass plate and, as for this plane-parallel plate 21, 
the center section is cut off in the shape of an abbreviation ellipse. In a part for the centrum 41 made by being cut off in 
the shape of an abbreviation ellipse, light penetrates, the portion of mirror coats 22 other than centrum part 41 has 
become the high reflective field of a reflection factor from a part for a centrum 41, and light is reflected. Therefore, th 
flux of light near an optical axis is interrupted, and the lighting light which came out of the light source 2 shown in 
drawing 1 turns into a ring band-like lighting light, and is reflected by the gobo 23 on the mirror coat 22 of the 
plane-parallel plate 21 in the dark-field-illumination unit 20. A ring band-like lighting light is deflected toward an objective 
lens 16, passes only the **** lighting optical path 18 of an objective lens 16, and reaches a sample 19. Therefore, lighting 
light is aslant irradiated by the sample, and lighting light is scattered about for it or diffracted by the sample 19. And only 
the scattered light and the diffracted light carry out incidence to the object optical system 17 of an objective lens 1 6. 
Although incidence of the scattered light and the diffracted light which passed the object optical system 17 is again 
carried out to the dark— field-illumination unit 20, shortly, a part for the centrum 41 formed in the core of a plane-parall I 
plate 21 is passed, and the image pck-up unit 10 is reached. 

[0025] In dark field observation, since th lighting light from the light sourc 2 becomes zona orbicularis-like in the 
dark-field-illumination unit 20, the quantity of light of lighting light falls off here. Furthermore, since th light scatter d 
about or diffracted by th sampl 19 carries out incidence to the image pck-up unit 10, ther is very little the quantity of 
light. Therefore, if the averag of th spectral transmittance of th reflective film 14 is made 80% - 95% like the light field 
lighting unit used by the lighting system of the gestaft of this operation, since the quantity of light which carries out 

field observation and dark field observation can b made small. Moreover, since it is not necessary to us an ND filter as 
shown in the abov (B) used conventionally and (C), without using a new optical member, in th time f light field 
observation and dark field observation, it is made the grad to which the difference in the luminosity of an image do s 
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not cause troubl to observation, and things can be carried out and good observation is attained with easy composition 
also in observati n [ which ]. 

[0026] In addition, rt is as follows when it calculates about the quantity of light which reaches to the imag pck-up unit 
10 about the conventional light field meditation Ming unit 38 for comparison. In the conventional light field meditation 
Ming unit 38, the reflective film whose spectral transmittance property as shown by the dotted line of drawing 3 as a 
on -way mirror coat 39 is 50% - 70%. is used. In this cas , the quantity of light of the lighting light immediately after 
inj cting the light source 2 is set to 1, and it assumes that it is a thing without the quantity of light loss by the optical 
system and the sample 19 from the light source 2 to the image pck-up unit 10, and it is as follows when the quantity f 
light which reaches t the imag pck-up unit 10 is calculated. For example, since it is set to reflection factor =0.5 and 
permeability =0.5 when permeability is 50%, the quantity of light which carries out incidence to the image pck-up unit 10 
is set to 0.5x0.5=0.25 (25%) at the time of light source injection. Moreover, since it is set to reflection factor =0.3 and 
permeability =0.7 when permeability is 70%, the quantity of light which carries out incidence to the image pck-up unit 10 
is set to 0.3x0.7=0.21 (21%) at the time of light source injection. 

[0027] Thus, conventionally, in order that spectral transmittance may use 80% - less than 100% of reflective film 14 by 
the lighting system of the form of this operation to the reaching quantity of light having been 25% - 21% at the time of 
light source injection to the image pck-up unit 10, it becomes about ten% - several % at the time of light source injection. 
Thereby, the quantity of light of light field observation is at the light field observation and dark field observation time, 
ev n if it becomes small with several [ 1/] to a 1/10 number compared with the former and does not use the 
aforementioned ND filter as shown in (B) and (C), and it can be made the quantity of. light which is the grade which the 
difference in the luminosity of an image does not worry. 

[0028] By the way, in order that a dark-field-illumination unit may secure a luminosity as usual, the permeability of a 
core must be high as much as possible. Therefore, 0.8 < T1/T2 < It is necessary to fill the conditional expression of 1. 
Here, the average permeability of the visible wavelength region of a reflective field [ in / the plane-parallel plate 13 of 
the unit 12 for light fields / in T1 ] (reflective film 14) and T2 are the average permeability of the visible wavelength 
region of the transparency field (a part for a centrum 41) in the plane-parallel plate 21 of the dark field unit 20. In 
addition, in order to secure the luminosity of an image by dark field observation, as for T2, it is desirable to make it the 
following values within the limits. 

[0029] 90% < T2 < Since it is possible when using the plane-parallel plate 25 which gave the mirror coat 22 to portions 
other than an abbreviation ellipse-like field for the glass plate from which the portion 26 which the reflected light from a 
sample penetrates (passage) has not become in midair like the dark-field-illumination unit 24 shown in drawing 5 as 100%, 
however a dark field observation unit, it is 0:8. < T1/T2 <= It was referred to as 1. At this time, although the permeability 
of the optical-axis core of the dark field observation unit 24 falls more slightly than 100%, it is satisfactory. [ of a real us 
top ] In case it is used in the conventional microscope by taking the above composition, changing a light field lighting unit 
and a dark-field-illumination unit, generating of an extreme quantity of light difference (difference in the luminosity of an 
image) can be suppressed. Therefore, in order to enlarge the luminosity of the image in dark field observation, even if it is 
the case where the light source of high brightness is used, the dazzle 'at the time of light field observation is mitigabl '. 
Moreover, the plane-parallel plate 1 3 of the light field lighting unit 1 2 is what attached less than 1 00% of one-way mirror 
coat 80% or more, and since it is good, even if it compares with the usual one-way mirror coat, it hardly becomes a cost 
rise. In addition, in the light field lighting unit 12 of drawing 2 , if it changes into a no coat state (state without the . 
reflective film 14) and a glass plate is used as a plane-parallel plate 13, the plane-parallel plate of a several % reflecti n 
factor can be realized, without spending at all the costs which form a reflective film. 

[0030] Next, the case where it is used for a microscope combining active focal detection equipment is explained. Active 
focal detection equipment floodlights lighting light from the light source for focal detection to a sample side, receives th 
reflected light reflected from the sample by the photo detector, and performs focal detection with the focal signal 
outputted from there. 

[0031] Drawing 6 shows the situation of the equipment configuration when attaching active focal detection equipment t 
the existing epi-illumination microscope. In drawing 6 , 27 is active focal detection equipment. In drawing 6 , active focal 
detection equipment 27 is attached between the lighting system 3 of the epi-illumination microscope 1, and the image 
pck-up unit 10. It is more desirable to arrange so that it may put above a lighting system 3 in order for this to be 
because the physical relationship is set up so that a lighting system 3 may serve as an objective lens 7 and optimal 
image formation relation, and not to break down the relation. Active focal detection equipment 27 is equipped with the 
light source 28, a gobo 29, the one-way mirror 30, the collimate lens 31, the dichroic mirror 32, and the sensing element 
(photo detector) 33. The half of the flux of light is shaded with the gobo 29 with which the lighting light for focal 
detection which came out of the light source 28 (for example, red - near-infrared semiconductor laser) of active focal 
detection equipment 27 has been arranged near the optical axis. It is reflected by the one-way mirror 30, and the harf f 
the flux of light which was not shaded with a gobo 29 becomes the parallel flux of light by the collimator lens 31. Since 
the dichroic mirror 32 has the spectral transmittance property of reflecting only the wavelength of the light which the 
light source 28 emits, the lighting light for focal detection is deflected toward an objective lens 7, and condenses it on a 
sample 8. The flux of light for focal detection reflected by the sample 8 passes the optical path of the time of incidence, 
and an opposite side on both sides of an optical axis, returns to active focal detection equipment 27 again, and is 
reflected towards a sensing element 33 with a dichroic mirror 32. The reflected light which turned into convergence light 
by the collimator lens 31 passes a one-way mirror 30, and it carries out incidence to a sensing element 33. The electrical 
signal according to the position of the light which received light generates a sensing element 33, and a focus state is 
computed by an electrical signal being sent to a controller 34. And a controller generates the signal which drives a motor 
35 based on the computed result. Since the motor 35 is connected to the drive tongue which goes up and down a stage 
9, when a motor 35 rotates, taking up and down and focus doubling are performed for a stage 9. Therefore, in the 
composition of drawing 6 , the light for focal detection will pass the lighting unit 5 in a lighting system 3 twic . 
[0032] Here, when th light field lighting unit 36 shown in conventional drawing 8 as a lighting unit is used, the lighting 
light for focal detection which came out of the light source 28 will pass the reflective film 22 twice. In this cas , the 
quantity of light I of the reflected light (lighting light for focal detection) which returns t a sensing element 33 sets the 
permeability of the reflectiv film 22 to alpha, and if it assumes that it is a thing without the quantity of light loss by 

.nthftr, optical .cy.Qtftm and.saropl^^ 

which 10 was injected from the light source 28, and was deflected with the dichroic mirr r 32 at the objective lens 7 
side.) 

On the other hand, when the dark-field-illumination unit 40 of drawing 9 is used as a lighting unit, th light which comes 
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out of the light sourc 28 of active focal detection equipment 27, and returns to a sensing element 33 since the core of 
a plane-parallel plate 21 is hollow is hardly decreased. For example, the light field lighting unit which us d thp one-way 
mirror whose permeability is 50%, and the intensity of the flux of light for focal detection to which a core reaches a photo 
detector in a dark-field-illumination unit in the air will have a 4 times as many difference as this. Moreover, rf 
permeability is 70%, it will become a twice [ about ] as many difference as this. 

[0033] With active focal detection equipment 27, th luminous intensity which a sensing elem nt 33 receiv s by the 
reflection factor of a sample, the difference in th magnification of objective, etc. changes sharply. Therefor , although it 
is required that it should have the large dynamic rang which covers all of these on-the-strength change in activ focal 
detection equipment 27, it is very difficult to actually realize. In such a situation, if the use form which switch s the light 
field observation unit 36 and the dark field observation unit 40 is added, it will become still more difficult to make it n t 
influenced of a quantity of light difference which was mentioned above and which is switched and.is therefore produc d. 
Howev r, if the light field lighting unit 12 of drawing 2 which satisfies conditions (1) is used, the difference of the 
permeability in the core of a light field observation unit and a dark-field-illumination unit can be made smaller compared 
with tri former. Consequently, the trouble that the difference of the intensity of a focal detecting signal is large is 
solvable at the time of active focal detection equipment use. In addition, if the conditions of (1) are fulfilled, the 
on-the-strength difference of a focal detecting signal can be suppressed to less than 1.6 times. Moreover, if the dark 
field observation unit 24 which has the plane-parallel plate. 25 shown in drawing 5 , and the light field observation unit 
which used what removed the reflective film 14 from the plane-parallel plate 13 of drawing 2 as a plane-parallel plate ar 
combined, it is also possible to make the difference of signal strength into zero. 

[0034] Next, about the problem that an optical axis shifts when the dark field observation unit 4 shown in the light field 
observation unit 36 shown in conventional drawing 8 and drawing 9 is used together, it has solved with the form of this 
operation by preparing the means which produces the optical axis of the almost same amount as the amount of 
optical-axis gaps produced with the plane-parallel plate of a light field lighting unit in a dark-field-illumination unit. If 
white-board glass (n= 1.52) with a thickness of 1mm is arranged at 45 degrees as mentioned above for example, a gap f 
about 0.33mm optical axis will be generated. Then, with the form of this operation, this problem is solved by including a 
means to generate the same gap as this amount of gaps in a dark field observation unit. It is specifically using the 
dark-field-illumination unit 24 shown in drawing 5 . In the dark-field-illumination unit 24 of drawing 5 , the amount of [ of 
a plane-parallel plate 25 ] optical-axis core has not become in midair. Therefore, the same amount of optical-axis gaps 
as the amount of optical-axis gaps which generates the thickness and the material of a plane-parallel plate 13 and a 
plane-parallel plate 25 in **** made the same and the light field lighting unit 12 will also produce the 
dark-field-illumination unit 24. Therefore, even if it changes the light field lighting unit 12 and the dark-field-illumination 
unit 24, an optical-axis gap is not produced. Another concrete composition is shown in drawing 7 . In drawing 7 , the 
plane-parallel plate 21 currently used in the conventional dark-field-illumination unit 46 shown in drawing 9 is used. 
Therefore, although an optical-axis gap arises with this, it is made to lose an optical-axis gap in the 
dark-field^illumination unit 36 shown in drawing 7 by arranging the transparent plane-parallel plate 37 with the fixed 
thickness leaned in the dark-field-illumination unit 36 at a certain angle. Here, the plane-parallel plate 37 is arranged in 
the position through which only the reflected light from the sample in the dark-field-illumination unit 36 passes. In 
addition, it is suitable and the sense of it having to come out [ which produces an optical-axis gap equivalent to the light 
field observation unit 12 ] which leans a plane-parallel plate 37 is natural. What is necessary is to use 2.1mm at 1.7mm 
and 25 degrees, and just to use a thing with a thickness of 3.6mm in 15 degrees at 30 degrees, if it becomes white-board , 
glass (n= 1.52) about the thickness of the angle and plane-parallel plate 37 to lean in order to generate a 0.33mm 
optical-axis gap. 

[0035] [0036] which can solve the problem of the optical-axis gap by switch of a light field observation unit and a dark 
field observation unit, and can prevent precision degradation at the time of focal detection by taking the above 
composition even if .it is the case where it combines with active focal detection equipment 

[Effect of the Invention] as mentioned above, the microscope system by this invention — the trouble at the time of the 
change of the light field observation at the time of epHllumination. and dark field observation — solving — in addition — 
and the best effect can be demonstrated also in combination with active focal detection equipment 
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DESCRIP TION OF DRAWINGS \ . ■ ' . 

[Brief Description of the Drawings] 

fDrawing 1] It is drawing showing the microscope equipped with the lighting system of this invention. 

fDrawing 2] It is drawing showing the beam of light which carries out incidence to an objective lens by the light field 

lighting unit used by the lighting system of this invention, and this unit. 

fDrawing 31 It is drawing showing the spectral transmittance property of the light field lighting unit used by the lighting 
system of this invention, and the conventional light field lighting unit. 

fDrawing 4] It is drawing showing ****** which carries out incidence to an objective lens by the dark-field-illumination 
unit used by the lighting system of this invention, and this unit. 

FDrawing 51 (a) It is drawing showing the plane-parallel plate used for another darkHleld-illumination unit used by the. 
lighting system of this invention, and (b) this unit. 

fDrawing 61 It is drawing when attaching active focal detection equipment in the microscope equipped with the lighting 
system of this invention. 

Drawing 71 It is drawing showing another dark-field-illumination unit used by the lighting system of this invention. 
Drawing 81 It is drawing showing the conventional light field lighting unit. 

Drawing 9] (a) It is drawing showing the plane-parallel plate used for the conventional dark-field-illumination unit and (b) 
this unit. 

fDrawing 101 The light for focal detection is drawing showing signs that incidence is carried out in an objective lens. 
[D scription of Notations] 

1 EpHllumination Microscope 

2 Light Source 

3 Lighting System 

4 Lighting Optical System 

5 Lighting Unit ........ ... ., . 

6 Mov Mechanism 

7, 42, 46 Objective lens 

8 19 Sample 

9 Stage 

10 Image Pck-up Unit 

11 TV Monitor 

12 38 Light field lighting unit 

1 3 25 Plane-parallel plate (with no centrum) 

14 39 Reflective film 

1 5 Attachment Component 

1 6 Dark Field Objective Lens 

17 Object Optical System 

18 Optical Path for Dark Field Illumination 
20, 24, 36, 40 Dark-field-illumination unit 

21 Plane-parallel Plate (Those with Centrum) 

22 Mirror Coat 

23 Gobo 

26 Reflected Light Passage Portion (Those with Plane-parallel Plate) 

27 Active Focal Detection Equipment 

28 Light Source (for Focal Detection) 

29 Gobo 

30 One-way Mirror 

31 Colfimate Lens 

32 Dichroic Mirror 

33 Sensing Element 

34 Controller ■ 

35 Mot r 

37 Plane-parallel Plate 
41 Centrum 

43 47 Pupil of an objective lens 

44 Flux of Light Incidence Position (when Light Field Observation Unit is in Optical Path) 

45 Flux of Light Incidence Position (when Dark Field Observation Unit is in Optical Path) 
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&<> BSfaRtt^« L Jffilt>^X^#/c^SSI5^4 ITMi* 
*<aaU + £§B#4 1 JartC&^-a- h2 2<7>Sfl# 

fcIHW3fcl*. 5i3lfe« 2 31= J: -p'T *«M*ifiO)**A<al 6 
tLTlnSttOReMft^fty. »«»BB!a--*h2 0l*r 
<0¥fr¥®;tS2 1 0)5 7- =3— h 2 2"eJ5l**tl4o IS 

1J3U>X1 6 <DBgi4E§B^*» 1 8(7>^^iiiSL. «#1 
9l:It6c LfctfoT. «*lci*«*lcB«**«Wat 

s*u 9fc*oTtkafc*iM*[i]ars*t 

MfSl7 CAWt^p 7$iiifiLfc» 

[0 0 2 5] BgfflSWStff*. *B2*&©BIJB5fcl*tt 

ftOftSA^^fto «*1 9-C»a*«tM*B. 

ft £fcfcX*<afta.^9 h 1 oirAW-TiO-e* 
*(*IMtC:d>ftlV LtztfiT. *ftlfe<DMla>BQBS 

ptaa^ 8 0%~9 5%lcLT£>< i:. Jftflfc 
3.- *y h 1 0 l=A»*r 4**t*tt< ^* = t*<-C#« 

IS (B) . (C) ©*3ftND7-f^-$ffll^*I 

tfcdtti^Bai^rftc n-rtKoascifcL^c 
[o o 2 6] asfe\ tttta>fcto«ctt*©waBaffliMi 

-^h3 8(COl>T. h 1 O^T'UHfr&ft 

aEBM^-— ^ h 3 8t*li, - h 3 9 t L 

r m 3 (DjSta-c^-r.cfc 5 tt^jtaaMittf 5 o %~ 7 

0%0>JEMBtfttfll**i"Cl**. catt*. #352 



<DiI^ J5H3*=o. 5. aa*=o.. Sfcfc&fctfK 

h 1 oizA»r***i*5te»*WB*0o. 5 

XO. 5=0. 25 (25%) tfc-So «fc* 21$^ 
7 0%(Dig^l*. SI43*=0. 3. ^a^=0. 7(Cfc 
ftfcaft. h 1 OlcA»-r4*«tt*3IWajB» 

(DO. 3x0. 7 = 0. 21 (21%) 
[0 0 2 7] cOctaic, «6*(iffi«^-^> 1 o^t? 
. aat«Xl^MliiK(D2 5 96-2 1 96tftofcO 

**ifl)»»oiBH«itii»«aa*^8 i o 

%~ 1 0 0%*aSO)JR»B 1 4 $JBl*«fc«K .%XM1U 

b#(di o»%-»%^^fto cttfccty. ^aifa^a) 

*y. ffiTE<D.(B) (C) (D<fe5«:ND7^^-Sffl 
l>fc<i:t>* milWm^lltlNMt. «<D0J1S 

[0028] fczst^ ■avH'viA-^ n*«*a« 
its <tt<r fife c*:ot. 

0.8 < T 1 /T 2 < 1 . 
<Dtk¥t-ttmtz-f&Wib*. Ctt,-T TliWfflSffi. 
a.=.* K1 2 1 3lcfelt«SW«« (fi» 

11 4) (Dpra»fi*©Vi$l2l»** T.2«»Wa= 

^ h2 oco¥t7¥®*2 i .ic«it«aaa«t 

4 i ) .<DRT&£ft*0>v)4aa*-c*«. ft*. Bsas 

a«-e«a>M4SSit«-r«fcabic. T2i*JUT<&ffiH 

rt^fitic-r -6 - i: Ll>o 
[0029] 90% < T2 < 100% 

hbwj-— v h 2 4<d«*:3ic, s*^^<osi45t^aa 
caa> t*«»2 6tftfiizftoti^o*7^is 
ic. Bg*SRtt^«s«ia^a)gj»rcs : 5-=j-h2 2$jfi 
L*:¥*T¥®ffi2 5 tffiffl-r«a«*#y 

0. 8 < T1/T2 i 1 

<Dsa^ii 1 o o % <fe y i**5r*M=*% 4 
«fflifc««*c&9tt, ^sif«8Ra)6i*s«a 

tr¥®ffi1 3l*8 0%iaJt1 0 0%^^CD/\— 

— hi: JtR It 1 15 Aj if a X h 7 y ^l^tife t> fe 
fcfc. B2 0)W«»BMa--ry h 1 2l=*5t^r. a 

3ilt*7Xfi««ffltfttf, £«B*»dW*«M 



(6) 



^2 0 0 1 -1 2 5 0 0 2 



[oo3o] m&mzT<7T>(zrn&&ftgim$: 

5 i0)"CfeSo 

[00 3 1] WLft<D?$mmW&®i&LlZ7<7T4 
Tl^o I26f::*>l*-C:. 2 itf-FO^r* :?&£8iaJgS 
ltfi8^^«fc»1^^^^S3(S:ffi«rL-^ h i OC^FbIIC 

7 <!: BS&ISIfeliaflfc t tt 4 «*: 5 * a>tt«M« *<IS:5£ * 

S3(D±*lc«^fi*34«fc^l^ES^4*^»^Ll>o 
7^f-f7M*a»l27(i*a28, ffi*ffi29. 
A _ 75 ^_30, =l'J> — hl/>X3 1 ; y-f^P-f 
^ = 7-32, gSfciiSl^ <»***■"> 3 3$1^TL^ 
-&« T^T-f ^S^Siai^S2 7(7)3t3S2 8 

^a>4*#lot, 757- 3 o-c&ststu zi'J;*— * 
L/>X3 1 |c*or^(T**lcft«. ^V^afy^S 
7-3 21**312 8*<^^5t(0^gC0^SS»fr4» 

*t1& u >x 7 izf£]^ o rdfsi $ 8 ±\zm^tt- S o 
ffl*8r'J5S4L^S^«iajffi<7)3t^fi. #tt£»A/1?A 

3 3IC[BjltTJRS***l,<6c □'J>-^U>X31T« 
* |C « o *: Sit* (*/ ? 5 7 - 3 0 £ Sifl L T & tfi tR. 
T3 3lcASfr*c &ajf£T3 3lig*Lfc*0>&©lC 
JtCfc«K«##*£l>* tt«l*3»D-7 3 4 

icSbHr^nttffi^sai^^^o fit, 3>kp- 

^SS^-fSo ^— 4r3 5ttXT~^9*±Tl-*tt«l 

<U::J:7T*^-v9*<±TL* tf > h^*7l±A<t7^4x 
So LfctfoT. 0 6<7)«J*i::fcl^-CI*. &&&&&& 
*li^B^KS3rtC0RSB^3.-^ h 5S 2&;iifi-f 

[003 2] fiS^-^ ht LT^*CO08IC 

^Lfc^aHfHMJ.— ^ h3 6${£fflLf-*i£. 5t3S2 

8 A> * tb^m^«iaiffia)R9B^3tfiS^ 2 2 £ 2 fiilifi 

^-sz^ciaso ^if3 3\zm-DX< s 

&l*3fc (£j&8iiiJB<Dl&BJ3#) <B*S I It. &HJBI2 2 



7-3 2-e«1»U>X7{Iillr(i[£3$nfc^M*<D* 

*.)■... 

-^.b8«ul— * hi: Lxm9 t <Dfe&&m*j\3L— v h4 

7^^-<^«^eitbSM2 7>5t3S2 8^^ai 

-c&ajss^s z\z^x< s*i*[5<t^M£Lai\> 

tfgittf* ^i&^j6<5 0%<7>/\— 757- £{£J8Lf-e81S 
hi:* +*»* t *ffla)Bia»IIBSHi-v h 

fgCDM^fcS-^fcSo Sia^A<7 0%T*fc*i 

I*. #)2fg(7>Ml^a*o 
[0033]7^f^I^UJSl27ttt, «*<D 

3&&ft?&?tt<D&mtf*^iz&it-rz>o *<Dtz&>. 7 

2 7 (cl*. ^4xt>(7)5Sfi^b5± 

'ttttSKi&lvC, SB«imR^-*h3 6£Bg«ira^ 
j.-^ h4 0*y]y»xSflEffl^ffi^*5SitaSi:. 

^ % ^ (1) £^£-rSEl2(DB^*lS^^3.- V h 1 
2£^L^I*. »a»H»i-^ hizBi^S^B^j.- y 

iii^£«*-rsci:^-c^So afc. (i) <D^^as 

-ir^-C^So ^fc. E)5lC^-r^fr s F®ffi2 5Sft 
SB^ffiiftlS^--^ h 2 4 0 2<7)2FtT¥®ffi1 3^ 
b£ltl1 4*©iyKtlvfct(D£^tT¥®*5i:LTflEm 
LfcB^IiJSESzL^^ h£l§^^t7-ti-ti(S. fi-^-^SCD 
^£if a S- i: t pI^t?fcSo 

[0 0 3 4] ;jfclC % ^*CDEl8l^^-rB^iftS^i^^ 
h'3 6i:ig9lr^-rBgffiSa»J.— V h4^L/:ft 

I*. B^ffiffKSMJ--^ h(7)^tT¥®ffi^J:oT^Cfc* 

Bfla.- »^ h^ciSltsc < »:^rct:oTfi?*Lrl^So strau 

tzttSV* iilll ll^1mm(DSfi*7^ (n = 1 . 
5 2) £ 4 5 Jg ^0. 3 3 mmO^tiO) 

^isztx^^m^M^xi^io o 

So EJ5C0BiaifR8B^3.-^ h2 4-eii. ¥^7 5 FdIqS2 

5(D*$fi*^si5^ii4 3 ^i^aori>ai>o *<Dtztb* ¥ 
sni*. ^auRBB-B^--^ hi 2-e«^^-S5ti6-rnft 



0) 



ftffl200 1-1 25002 



-irlc^^o Lfc^ot, .9MXMR«.a:=.? K1 2<t0t 

iv, jn«)Ji(»«tt«iJ**H 7 (c^-r 0 b 7 -cms. . ea 9 \Z 

Vlt2t1&-f 1xW± C 0 7 \zijk't~l£$l&m9l3L—y 

¥tr 2 F®*5 3 7tt. BtafJRS^a-—^ h 3 6P**0>«*^ 

t>COI*^«T*fe^)o ^lf^>ftS^¥tT¥®ffi3 7(DI^ 
{C^l^Tf*. 0. 3 3mmO)ftlfi'r^M^^5/c«) 
IC, 615*7^ (n=.1. 5 2) 3 0S-CI* 

1. 7 mm. 2 5t-CI*2-. 1mm. 15&-CI*3. 6 

[00 3 5] ia±CD^5^W^*^^-i:T^ T^^r-f 

^s^«iai^©^«fl^^t5i±^is^r*feoTt. wa» 

[0 0 3 6] 

So 
fc5c 

[0 3 ] *5EMa>BaMSB-C.fflL^6ti4flBaHraBHi 

[0 4] **Wa>RaBHSE«"effl^6*t4BaaHMW3. 

[0 5] (a) **wa>isaws6«-efflt^&*tssiJ(DBt 

HBUBi-^ K (b) Bar7Hcffit^li4?ff 
¥@S£^-r0*Cfc4o 

[ED 6 ] *«ra©BBrc38«£«*fc««ai-7 * -f 



[@7] *«wo)Bawaia-cfflt^&*t4Sda)Baifw 
[B8], fi£*owaHHiWJ.-^ h^-tB-cfc&o 

[B9] (a) (t*0)BtaifReWa-^ (b) IS 
a.- ? Mcm^*t£¥^¥@«£^*r0-efe£o 
[010] «jft*fflffl©*35<»»U>XlcA»r«« 

1 SMRMIKS 

2 #21 

3 RBNSB 

6 «na«t 

7. 4 2. 46 tWMs^X 

8.19 

9 

1 0 V h 

1 1 TV*—* 

12.38 WaBHWi-V h 

13. 2 5 ¥tr¥®*5 ( + ffl«aL) . 

14. 3 9 wJSMH- • 

1 5 ftftffttt 

1 6 MBN«I/>X 
1 7 «tt**3R 

1 8 BiaBIH9)fll3KB 

20. 24. 36. 40 ttaBHBBI.a.=^ h 

2 1 Wr¥®« (tfffittfeU) 
2 2 5 ^ — =3— h 

2 3 &5fc*5 

2 6 Ktt%iMV# (W¥BSfc l J). 

27 7$T<<ym&&ih2im 

28 %i (ftAtttum) 

2 9 3£#« 

3 0 5 

3 1 a'J>- hb>X 

3 2 SfV^a-f ^55- 

3 3 ttffiSW- 

3 4 3>hO-7 

3 5 *— * 

3 7 ¥*t¥®*S 

4 1 4>£Sfl 

4 3. 4 7 ^^U>X(7)fi 

4 5 %3RAMtt'a (*BW»l:»tIBMazs» htfjfe 




[07] 



[08] 



